###### Strengths and limitations of this study

-   Using the comprehensive Norwegian registry for human papillomavirus (HPV) tests, smears and histopathologies, we were able to demonstrate the value of the three most commonly used HPV tests in diagnosing precancerous lesion in the cervix uteri, when a HPV test was used as part of routine care.

-   Results from this study are directly applicable in countries with comparable screening recommendations.

-   Long-term and comprehensive comparative effectiveness studies of newly proposed technology are needed in order to deliver the best possible healthcare.

Introduction {#s1}
============

Cytology-based cervical cancer screening programmes reduce the incidence of and mortality from cervical cancer[@R1] [@R2] by identifying and treating women with asymptomatic preinvasive cervical intraepithelial neoplasia grade 2 or 3 (CIN2 or 3). Following the establishment of the causal association between high-risk human papillomavirus (hrHPV) infection and cervical cancer,[@R3] HPV testing represents a new technology that can offer more effective screening schemes.[@R4] [@R5]

In Norway, a nationwide cytology-based organised cervical screening programme, the Norwegian Cervical Cancer Screening Programme (NCCSP), started in 1995. Approximately 430 000 cervical cytological smears are taken annually, of which only 1.4% show severe abnormalities, such as atypical squamous cells, cannot rule out a high-grade lesion (ASC-H), high-grade squamous intraepithelial lesion (HSIL), adenocarcinoma in situ (AIS) and cervical cancer, that require immediate follow-up with colposcopy and biopsy. About 7% of screening cytology results are unsatisfactory, atypical squamous cells of undetermined significance (ASC-US) or low-grade squamous intraepithelial lesion (LSIL), and these require additional investigation for proper clinical management. In accordance with the European consensus for triage options,[@R6] repeat cytology after 6 months is applied.[@R7] If repeat cytology does not show severe abnormalities, further clinical follow-up is determined from cytology in combination with simultaneous HPV test result.[@R6] [@R8]

To evaluate the effectiveness of the NCCSP policy, including the different HPV detection methods actually used, women triaged with HPV testing in Norway were identified and followed up for the development of CIN2 or worse (CIN2+).

Material and method {#s2}
===================

Cervical cancer screening in Norway {#s2a}
-----------------------------------

The Cancer Registry of Norway receives reports of cancer and precancerous lesions since 1953 and administrates the NCCSP since 1995.[@R9] [@R10] Compulsory central registration of cervical cytology results, started in November 1991, is estimated to be close to 100% complete as all laboratories, including private ones, are required by law to report results for cervical cytology, histology (from 2002) and HPV test (from 2005).[@R11] Each Regional Health Trust authority decided which of the commercially available HPV methods should be used in their area, and as a result, different HPV methods have been used in different geographical areas in Norway.

Conventional cytology was diagnosed and registered according to the Bethesda system as negative for intraepithelial lesions or malignancy (NILM), unsatisfactory, ASC-US, LSIL, ASC-H, HSIL, AIS and cervical cancer.[@R12] Histology diagnoses are registered according to the guidelines of the WHO as CIN2+, CIN3 or worse (CIN3+) or cervical cancer.[@R13]

NCCSP recommends women 25--69 years of age to take a cytology smear every 3 years. For those with unsatisfactory, ASC-US and LSIL, the policy included a repeat cytology with HPV testing in 6 months ([figure 1](#BMJOPEN2013003460F1){ref-type="fig"}A). If repeat cytology showed severe abnormalities, or if it showed ASC-US or LSIL in combination with a positive triage-HPV test result, colposcopy and biopsy were recommended. Those with a negative HPV result combined with ASC-US/LSIL, unsatisfactory or NILM repeat cytology was returned to the regular 3-year screening programme. For women with NILM or unsatisfactory repeat cytology combined with a positive HPV test result, an additional follow-up HPV test was recommended in 6--12 months.

![NCCSP recommendations for women with unsatisfactory, ASC-US or LSIL as screening cytology, in 2005--2010 (A) and application of these recommendations to determine follow-up of study participants (B). (A) In 2005--2010, the NCCSP recommended for women with unsatisfactory, ASC-US and LSIL repeat cytology and HPV testing in 6 months. If repeat cytology showed severe abnormalities, or if it showed ASC-US/LSIL in combination with a positive triage-HPV test result, colposcopy and biopsy were recommended. Women with a negative triage-HPV test result combined with ASC-US/LSIL, unsatisfactory or normal repeat cytology were returned to the regular 3-year screening programme. An additional follow-up HPV test was recommended for women with normal or unsatisfactory repeat cytology combined with a positive triage-HPV test result. (B) All 19 065 women who had repeat cytology and HPV test after unsatisfactory, ASC-US and LSIL screening result were divided, based on the triage-HPV method, into mutually exclusive Amplicor , HC2 and Proofer groups. Individual follow-up started at the date of triage-HPV test and lasted either 4 years, until 31 December 2012, or were censored at time of the histologically confirmed cervical intraepithelial neoplasia grades 2 and 3 (CIN2 and 3), invasive cervical cancer, other gynaecological cancer, death or emigration, whichever came first. Amplicor, AMPLICOR HPV Test (Roche Diagnostics, Basel, Switzerland); ASC-US, atypical squamous cells of undetermined significance; HC2, Hybrid Capture 2, High-Risk HPV DNA Test (QIAGEN, Gaithersburg, Maryland, USA); HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; NCCSP, Norwegian Cervical Cancer Screening Programme; Proofer, PreTect HPV-Proofer (NorChip, Klokkarstua, Norway).](bmjopen2013003460f01){#BMJOPEN2013003460F1}

The three most common HPV detection methods during the study period (2005--2010) were AMPLICOR HPV Test (Roche Diagnostics, Basel, Switzerland), Hybrid Capture 2 (HC2) High-Risk HPV DNA Test (QIAGEN, Gaithersburg, Maryland, USA) and Pre-tect HPV-Proofer (NorChip, Klokkarstua, Norway), hereafter referred to as Amplicor, HC2 and Proofer, respectively. Amplicor and HC2 detect the DNA of hrHPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. Proofer detects and genotypes E6/E7 full-length mRNA transcripts of hrHPV types 16, 18, 31, 33 and 45. For all methods, the result was positive if at least one of the HPV types included therein was detected.

Use of Norwegian Cancer Registry for identification and follow-up of study subjects {#s2b}
-----------------------------------------------------------------------------------

For the present study, in July 2011, relevant information on cervical cancer screening and cervical preinvasive lesions and cancer for 21 958 women were extracted from databases at the Cancer Registry of Norway. Owing to a 1--2-year delay between diagnosis and complete registration of invasive cancers,[@R11] all cervical cancers detected were verified in early 2012. The personal identification number, an 11-digit numerical code which combines date of birth with five numbers allowing unique identification of every legal resident and citizen in Norway, was used to organise the information on cytology, HPV and histology tests an individual level.

Subjects {#s2c}
--------

Empirical data showed deviation from the NCCSP guidelines and a set of rules was applied to define the combination of cytology and HPV test for clinical decision ([figure 2](#BMJOPEN2013003460F2){ref-type="fig"}). (1) Per participant a 'pair' of repeat cytology and triage-HPV test was identified if a time period between these tests was 2 months or less; (2) pair was used for clinical decision-making if a time period between the triage-HPV test and ASC-US, LSIL or unsatisfactory screening cytology was 3--15 months; (3) when more than one pair could be defined for a participant, we chose the pair closest to the screening cytology; (4) participants with a severe abnormality in repeat cytology were excluded since in this case the triage-HPV test result was irrelevant for referral to colposcopy and biopsy.

![Flow diagram describing selection of and follow-up of study participants (adjusted from proposed Standards for Reporting of Diagnostic Accuracy). From the nationwide registry we identified all 21 958 women 25--69 years of age who had Amplicor, HC2 or Proofer HPV tests taken 1--15 months after an ASC-US, LSIL or unsatisfactory screening cytology during the period of 1 July 2005 to 31December 2009. While NCCSP recommendations for clinical management, based on HPV and repeat cytology result, are clearly defined, revealed registry linkage a deviation from these recommendations, in terms of timing and frequency of cytology, HPV tests and histology. We used a set of rules to define combination of cytology and HPV test used for clinical decision-making in triage, that is, triage-HPV and repeat cytology: (1) per participant a 'pair' of repeat cytology and triage-HPV test was identified if a time period between these test was 2 months or less; (2) pair was used for clinical decision-making if a time period between the triage-HPV test and ASC-US, LSIL or unsatisfactory screening cytology was 3--15 months; (3) when more than one pair could be defined for a participant, we chose the pair closest to the screening cytology; (4) participants with a severe abnormality in repeat cytology were excluded since in this case the triage-HPV test result was irrelevant for referral to colposcopy and biopsy. We defined altogether 19 340 women with the pair of triage-HPV and repeat cytology. Two hundred and seventy-five women were excluded, and 19 065 participants were enrolled in the study. Follow-up time started at the date of triage-HPV test and finished in 31 December 2010. *Endpoint* was the date and diagnosis of the worst histologically confirmed lesion: cervical intraepithelial neoplasia grades 2 and 3 (CIN2 and 3), invasive cervical cancer. To study *adherence to NCCSP guidelines*, we detected (1) non-invasive follow-up event, that is, date of cytology or HPV test, whichever came first, (cyt/HPV) in follow-up and (2) invasive follow-up event, that is, date of first histology diagnosis (biopsy) in follow-up. Follow-up-time was censored at date of other gynaecological cancer, death and emigration, whichever came first. The number of women with non-invasive follow-up event, invasive follow-up event and endpoint is provided by repeat cytology, HPV result and HPV detection method. Those with unsatisfactory HPV results are excluded from this diagram (24 with ASC-US/LSIL and 76 with normal/unsatisfactory). Amplicor, AMPLICOR HPV Test (Roche Diagnostics, Basel, Switzerland); ASC-US, atypical squamous cells of undetermined significance; HC2, Hybrid Capture 2, High-Risk HPV DNA Test (QIAGEN, Gaithersburg, Maryland, USA); HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; NCCSP, Norwegian Cervical Cancer Screening Programme; Proofer, PreTect HPV-Proofer (NorChip, Klokkarstua, Norway).](bmjopen2013003460f02){#BMJOPEN2013003460F2}

In total, 19 065 women were divided into three mutually exclusive HPV groups based on the triage-HPV method used: the Amplicor group (n=4715), the HC2 group (9162) and the Proofer group (5188). Owing to similar performance, in [figures 3](#BMJOPEN2013003460F3){ref-type="fig"} and [4](#BMJOPEN2013003460F4){ref-type="fig"}, the Amplicor and HC2 groups were combined to a single HPV DNA group.

![Four-year follow-up of women with ASC-US, LSIL or unsatisfactory screening cytology in 2005--2009 by repeat cytology diagnosis and triage-HPV detection methods. x-axes refer to follow-up time in years from date of triage-HPV; y-axes refer to cumulative incidences as a percentage; red colour refers to HPV DNA and black colour refers to the Proofer group; adherence to non-invasive follow-up (cyt/HPV, solid lines) and invasive follow-up (hist, dotted lines) is depicted in (A), (C), (E) and (G). Four-year risk (cumulative incidence) for CIN2+ with shades denoting 95% CIs is depicted in (B), (D), (F) and (H). (A), (B) and (C), (D) referring to these with positive triage-HPV combined with ASC-US/LSIL and NILM/unsatisfactory in repeat cytology, respectively. (E), (F) and (G), (H) referring to these with negative triage-HPV combined with ASC-US/LSIL and NILM/unsatisfactory in repeat cytology, respectively. ASC-US, atypical squamous cells of undetermined significance; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesions or malignancy; Proofer, PreTect HPV-Proofer (NorChip, Klokkarstua, Norway).](bmjopen2013003460f03){#BMJOPEN2013003460F3}

![Cumulative incidence of CIN2+ among women who had negative triage-HPV test result combined with ASC-US/LSIL repeat cytology and who had a 'non-recommended' follow-up cytology within 2.5 years. x-Axes refer to follow-up time in years from date of follow-up test; y-axes refer to cumulative incidences; red colour refers to HPV DNA and black colour refers to Proofer group; shades indicate 95% CIs. ASC-US, atypical squamous cells of undetermined significance; CIN2+, cervical intraepithelial neoplasia grade 2+; HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion.](bmjopen2013003460f04){#BMJOPEN2013003460F4}

Statistical analysis {#s2d}
--------------------

Follow-up time started at the date of triage-HPV test and for all women the worst histologically confirmed lesion was identified: CIN2 (N=606), CIN3 (N=1445), invasive cervical cancer (N=32) or other gynaecological cancer (N=12); death (N=62), emigration (N=6), whichever came first ([figure 1](#BMJOPEN2013003460F1){ref-type="fig"}B). First smear in follow-up obtained by a non-invasive procedure, that is, cytology or HPV test, and by an invasive procedure, that is, tissue sample, biopsy, cone or endocervical curettage was identified to study adherence to the NCCSP guidelines. All observations were censored at 31 December 2010.

The main results were presented for 'ASC-US/LSIL' and 'normal' repeat cytology, with the latter including NILM and unsatisfactory repeat cytology. The rationale to combine different cytological diagnostic entities stems from identical management guidelines for these patients and from the study objective, which was to observe the outcome of tests as used in 'real life'. The online [supplementary table](http://bmjopen.bmj.com/lookup/suppl/doi:10.1136/bmjopen-2013-003460/-/DC1) includes results separated for ASC-US and LSIL. HPV positivity rate was estimated as proportion of HPV-positives by the HPV group and repeat cytology. We excluded from the analysis 100 inconclusive HPV results, HC2: 4, Proofer: 96 (among which 11% were diagnosed with the CIN2+). The Kaplan-Meier analysis was used for the cumulative incidence of CIN2+, CIN3+, first non-invasive and first invasive follow-up procedure, among HPV-positive and HPV-negative women at 6 months as short-term follow-up and 3 years as long-term follow-up.

Event history analysis was applied based on the following assumption about censoring: the short-term risk of CIN2+ occurrence during follow-up should remain the same for a given woman, regardless of any previous censoring, which ensures consistency of Kaplan-Meier estimates. This is known as independent censoring in the literature on survival analysis.[@R14] We also considered the probability of a positive triage-HPV if CIN2+ was diagnosed in the follow-up period before t, that is,

To estimate this, we let  and  denote the Kaplan-Meier estimates for the groups with positive and negative triage-HPV, respectively. Moreover,  denoted the estimated odds of having a positive test result, regardless of later observations. Bayes' formula then yields thatgives a reasonable estimator for the above triage-HPV detection rate, often referred to as sensitivity. The statistical uncertainty, in terms of 95% CI bands, was calculated by bootstrapping.[@R15]

Results {#s3}
=======

Following ASC-US, LSIL or unsatisfactory screening cytology, repeat cytology 3--15 months later was normal for 13 673 women, while 5392 had ASC-US/LSIL ([table 1](#BMJOPEN2013003460TB1){ref-type="table"}). The median follow-up time between screening and triage was 6 months for all groups. Patients with ASC-US/LSIL in the Amplicor group were slightly older, with a median age of 39 years, compared with the HC2 and Proofer groups where IQR of age was 30--46 years, and median age 37 and 38 years, respectively. When the HPV DNA group was compared with the Proofer group, difference in age distribution was not statistically significant (p=0.665). Median age of 42 years for the Proofer group in women with normal repeat cytology was slightly higher compared with 41 years in the Amplicor and HC2 groups.

###### 

Characteristics of the study population stratified by repeat cytology diagnosis and triage-HPV detection method

  Characteristics          Repeat cytology        Amplicor           HC2       Proofer
  ------------------------ ----------------- ------------- ------------- -------------
  Number of women                                                        
   N                       ASC-US/LSIL                1675          2151          1566
   N                       Normal                     3040          7011          3622
  Median age                                                             
   Years (IQR)             ASC-US/LSIL         39 (32--47)   37 (30--46)   38 (30--46)
   Years (IQR)             Normal              41 (33--50)   41 (33--49)   42 (34--51)
  No smears in follow-up                                                 
   N (%)                   ASC-US/LSIL          275 (16.4)     206 (9.6)     141 (9.0)
   N (%)                   Normal              1057 (34.8)   2296 (32.7)   1294 (35.7)
  Number of CIN2+                                                        
   N (%)                   ASC-US/LSIL          466 (27.8)    661 (30.7)    318 (20.3)
   N (%)                   Normal                184 (6.1)     373 (5.3)      81 (2.2)
  Number of CIN3+                                                        
   N (%)                   ASC-US/LSIL          307 (18.3)    480 (22.3)    211 (13.5)
   N (%)                   Normal                120 (3.9)     305 (4.4)      54 (1.5)
  Number of cancer                                                       
   N (%)                   ASC-US/LSIL            6 (0.36)      8 (0.37)      7 (0.45)
   N (%)                   Normal                 2 (0.07)      6 (0.09)      3 (0.08)
  HPV positivity rate                                                    
   HPV positives (%)       ASC-US/LSIL          959 (57.3)   1504 (69.9)    510 (32.6)
   HPV positives (%)       Normal               808 (26.6)   1657 (23.6)     166 (4.6)

Amplicor, AMPLICOR HPV Test (Roche Diagnostics, Basel, Switzerland); ASC-US, atypical squamous cells of undetermined significance; CIN2+, cervical intraepithelial neoplasia grade 2+ (worse); CIN3+, cervical intraepithelial neoplasia grade 3+ (worse); HC2, Hybrid Capture 2, High-Risk HPV DNA Test (QIAGEN, Gaithersburg, Maryland, USA); HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesions; normal, including negative for intraepithelial lesions or malignancy and unsatisfactory; Proofer, PreTect HPV-Proofer (NorChip, Klokkarstua, Norway); IQR, interquartile range.

ASC-US/LSIL repeat cytology {#s3a}
---------------------------

Among women with ASC-US/LSIL repeat cytology, 57.3%, 69.9% and 32.6% tested positive by Amplicor, HC2 and Proofer at triage, respectively. [Figure 3](#BMJOPEN2013003460F3){ref-type="fig"}A shows a rapid increase in the number of biopsies taken shortly after positive triage-HPV DNA or Proofer tests, reaching about 85% in both groups at 3 years. About 95% of triage-HPV-positives, irrespective of method, had a follow-up cytology/HPV result in 3 years (p=0.120) while 64% of triage-HPV DNA-negatives and 88% of triage-Proofer-negatives had a follow-up cytology/HPV result (p\<0.000001); 12% of triage-HPV DNA-negatives and 19% of triage-Proofer-negatives had a biopsy (p\<0.00001; [figure 3](#BMJOPEN2013003460F3){ref-type="fig"}E).

Among women with ASC-US/LSIL repeat cytology, 1445 were diagnosed with CIN2+, including 21 cancers ([table 1](#BMJOPEN2013003460TB1){ref-type="table"}). The 3-year risk of CIN2+ for positive triage-HPV was 48.1%, 43% and 48.2% in the Amplicor, HC2 and Proofer groups, respectively ([table 2](#BMJOPEN2013003460TB2){ref-type="table"}). There was little difference regarding risk of CIN2+ (p=0.375) between HPV DNA-positives and Proofer-positives after 3 years of follow-up ([figure 3](#BMJOPEN2013003460F3){ref-type="fig"}B). After negative triage-HPV, the 3-year risk of CIN2+ was 2.1%, 4% and 7.2% in the Amplicor, HC2 and Proofer groups, respectively. Compared with HPV DNA-negatives, the risk among Proofer-negatives was significantly higher for CIN2+ (p\<0.00001; [figure 3](#BMJOPEN2013003460F3){ref-type="fig"}F). The risk-ratio for CIN2+ in HPV-positive and HPV-negative women was 22.9 (48.1/2.1) in the Amplicor group, 10.8 (43/4) in the HC2 group and 6.7 (48.2/7.2) in the Proofer group. Among women with ASC-US/LSIL repeat cytology, negative triage-HPV and follow-up cytology/HPV within 2.5 years, the 2-year risk (after follow-up cytology) for CIN2+ was 4.3% (95% CI 2.7% to 5.7%) for the triage-HPV DNA group and 7.5% (95% CI 5.6% to 9.4%) for the triage-Proofer group (p=0.023; [figure 4](#BMJOPEN2013003460F4){ref-type="fig"}). For all CIN2+ cases diagnosed within 6 months, 99.5%, 97.9% and 90.1% had positive Amplicor, HC2 and Proofer tests at triage, respectively. For all CIN2+ diagnosed within 3 years, 96.9%, 96.2% and 76.8% were positive for Amplicor, HC2 and Proofer at triage, respectively ([table 2](#BMJOPEN2013003460TB2){ref-type="table"}). The triage-HPV detection rate for each HPV method remained largely unchanged when CIN3+ was used as endpoint, and the 3-year risk of CIN3+ after negative triage-Amplicor, HC2 and Proofer was 1.2%, 3% and 4.4%, respectively.

###### 

Cumulative incidence rates of CIN2+, CIN3+ and triage-HPV detection rate at 6 months and 3 years in women with ASC-US, LSIL or unsatisfactory screening result by repeat cytology in Norway, 2005--2010

                                             ASC-US/LSIL repeat cytology   Normal/unsatisfactory repeat cytology                                                                   
  ---------------------------------------- ----------------------------- --------------------------------------- --------------------- --------------------- --------------------- ---------------------
  CIN2+                                                                                                                                                                            
   Cumulative incidence in HPV positives                                                                                                                                           
    6 months                                         38.8 (35.6 to 41.8)                     27.5 (25.3 to 29.8)   28.6 (24.6 to 32.4)      4.3 (2.9 to 5.7)      3.6 (2.7 to 4.5)     8.4 (4.1 to 12.6)
    3 years                                          48.1 (44.7 to 51.3)                     43.0 (40.3 to 45.5)   48.2 (43.4 to 52.5)   22.0 (19.0 to 25.0)   21.4 (19.3 to 23.4)   29.5 (21.7 to 36.6)
   Cumulative incidence in HPV negatives                                                                                                                                           
    6 months                                            0.3 (0.0 to 0.7)                        1.4 (0.5 to 2.3)      1.5 (0.8 to 2.3)      0.0 (0.0 to 0.1)      0.1 (0.0 to 0.1)      0.0 (0.0 to 0.0)
    3 years                                             2.1 (0.7 to 3.4)                        4.0 (2.3 to 5.6)      7.2 (5.4 to 8.9)      0.3 (0.0 to 0.6)      0.4 (0.2 to 0.6)      0.5 (0.2 to 0.7)
   Triage-HPV detection rate                                                                                                                                                       
    6 months                                         99.5 (98.9 to 99.8)                     97.9 (95.0 to 98.7)   90.1 (82.8 to 93.6)   97.2 (96.5 to 99.3)   95.2 (85.5 to 98.0)      100 (100 to 100)
    3 years                                          96.9 (92.6 to 98.1)                     96.2 (94.0 to 97.5)   76.8 (70.7 to 81.6)   96.5 (88.9 to 98.3)   94.1 (90.0 to 96.1)   76.3 (60.6 to 84.8)
  CIN3+                                                                                                                                                                            
   Cumulative incidence in HPV positives                                                                                                                                           
    6 months                                         25.4 (22.6 to 28.2)                     18.9 (16.9 to 20.9)   18.2 (14.8 to 21.5)      2.2 (1.2 to 3.2)      2.5 (1.7 to 3.2)      4.2 (1.1 to 7.2)
    3 years                                          31.8 (28.7 to 34.8)                     31.2 (28.7 to 33.6)   32.3 (27.9 to 36.4)   14.7 (12.1 to 17.3)   17.7 (15.7 to 19.6)   21.9 (14.8 to 28.4)
   Cumulative incidence in HPV negatives                                                                                                                                           
    6 months                                            0.0 (0.0 to 0.0)                        0.5 (0.0 to 1.0)      1.1 (0.4 to 1.7)      0.0 (0.0 to 0.0)      0.0 (0.0 to 0.0)      0.0 (0.0 to 0.0)
    3 years                                             1.2 (0.1 to 2.2)                        3.0 (1.6 to 4.5)      4.4 (3.0 to 5.7)      0.2 (0.0 to 0.4)      0.3 (0.1 to 0.5)      0.3 (0.1 to 0.4)
   Triage-HPV detection rate                                                                                                                                                       
   6 months                                             100 (100 to 100)                     99.0 (96.8 to 99.6)   89.4 (79.5 to 93.7)      100 (100 to 100)      100 (100 to 100)      100 (100 to 100)
   3 years                                           97.4 (89.8 to 98.7)                     96.0 (92.5 to 97.2)   78.5 (71.2 to 83.9)   96.8 (87.9 to 98.6)   95.0 (88.9 to 97.0)   81.0 (59.1 to 89.7)

Amplicor, AMPLICOR HPV Test (Roche Diagnostics, Basel, Switzerland); ASC-US, atypical squamous cells of undetermined significance; CIN2+, cervical intraepithelial neoplasia grade 2+ (worse); CIN3+, cervical intraepithelial neoplasia grade 3+ (worse); HC2, Hybrid Capture 2, High-Risk HPV DNA Test (QIAGEN, Gaithersburg, Maryland, USA); HPV, human papillomavirus; LSIL, low-grade squamous intraepithelial lesion; Proofer, PreTect HPV-Proofer (NorChip, Klokkarstua, Norway).

Normal repeat cytology {#s3b}
----------------------

Among women with normal repeat cytology, the HPV positivity rate was 26.6%, 23.6% and 4.6% by Amplicor, HC2 and Proofer, respectively ([table 1](#BMJOPEN2013003460TB1){ref-type="table"}). The proportion with biopsies was comparable between the two groups for HPV-positive (p=0.779) and HPV-negative women (p=0.581; [figure 3](#BMJOPEN2013003460F3){ref-type="fig"}C,G). The 3-year risk of CIN2+ among women with positive triage-HPV was 22%, 21.4% and 29.5% by Amplicor, HC2 and Proofer, respectively ([table 2](#BMJOPEN2013003460TB2){ref-type="table"}). The 3-year risk for severe abnormalities among negative triage-HPV and normal repeat cytology was very low. For all CIN2+ cases diagnosed within 6 months, 97.2%, 95.2% and 100% had positive Amplicor, HC2 and Proofer tests at triage, respectively. For all CIN2+ cases diagnosed within 3 years, 96.5% and 94.1% had positive Amplicor and HC2 tests at triage, respectively. Only 76.3% of CIN2+ diagnosed over 3-years were positive by Proofer at triage.

Discussion {#s4}
==========

In a prospective 3-year follow-up study, we compared the effectiveness of HPV testing with the Amplicor, HC2 or Proofer, as adjuncts to repeat cytology in the triage of women with ASC-US, LSIL or unsatisfactory screening cytology in the NCCSP. The long-term evaluation of new screening routines showed a good overall performance of triage-HPV DNA testing. However, the management of HPV-negative women with persistent ASC-US/LSIL was suboptimal, as women with residual risk for CIN2+ above the recommended 2% were returned to regular screening. Residual risk was lowest with the HPV-DNA testing. The allocation of HPV detection methods did not depend on the presumed severity of the underlying CIN in this study setting since the Regional Health Trust authorities had predetermined which type of test would be reimbursed. A number of factors may differ between controlled studies and real-world setting, for example, adherence to follow-up recommendations, accuracy of histology and cytology diagnoses as well as HPV testing. Hence, comparative effectiveness research, like the present study, is needed to observe the effect of changes implemented in regular screening.[@R16] We considered the cumulative incidence of CIN2+ as the most relevant endpoint, as it represents the threshold for treatment, and no further adjudication of the registered histology diagnoses was made.

Women with ASC-US/LSIL repeat cytology 6 months after ASC-US, LSIL or unsatisfactory screening cytology represent a population with cytological evidence of a persistent HPV infection. The 3-year absolute risk of CIN2+ was high, 43% among HC2-positives and 48% among those positive by Proofer or Amplicor. This is considerably higher than most of the triage studies published to date. For example, among 1578 women with screening-detected ASC-US who underwent colposcopy, an absolute risk of CIN2+ of 14% was reported among hrHPV-positive women, and 31.5% among HPV16 positives,[@R17] which is a high-risk population as HPV16 is most commonly found in cancers,[@R18] and because CIN3+ develops sooner following HPV16 detection in baseline than after other HPV genotype detection.[@R21] Furthermore, a CIN2+ prevalence of 8.7% and 17% in women with screening-detected ASC-US and LSIL cytology, respectively, was reported in a meta-analysis,[@R24] compared with the 29% we report in the HPV DNA group and the 20% in the Proofer group in our study. In contrast, among women who were referred to colposcopy 32.7% harboured CIN2+.[@R25] Observed differences cannot be explained only by different age profiles of study populations, nor variations in the criteria used by different laboratories to diagnose ASC-US and LSIL,[@R26] which is certainly relevant in international comparisons.[@R27] Our population consisting of women with cytological abnormalities persisting at 6 months may be compatible with persistent HPV infection and are, per se, a strong indicator for CIN2+. The importance of abnormal screening history on CIN2+ risk estimates was also pointed out in a recent publication, where the 4-year risk of CIN2+ among HC2-positive women with cytological abnormalities and a previous abnormal smear was 34.56%.[@R28]

Contrary to the national recommendations to return women with ASC-US/LSIL repeat cytology to the regular screening programme if the triage-HPV test is negative, a substantial proportion of HPV-negative women had a follow-up cytology/HPV or histology, with an estimated 3-year risk for CIN2+ of 3.1% in the HPV DNA group and 7.2% in the Proofer group. The observed deviance from the NCCSP recommendations probably reflects scepticism regarding the protective effect of negative triage-HPV in combination with ASC-US/LSIL repeat cytology, as previous guidelines recommended that women with ASC-US/LSIL repeat cytology undergo an additional follow-up cytology in 12 months. Moreover, during the study period (possibly early 2008), the manufacturer of the Proofer test modified their recommendations and suggested follow-up cytology 1 year after a combination of negative triage-Proofer and ASC-US/LSIL repeat cytology,[@R29] which might explain the slightly more intensive follow-up with cytology/HPV of women with negative triage-HPV in the Proofer group compared with the HPV DNA group in the present study. As more intensive biopsy collection leads to higher CIN2+ rates[@R10] in short follow-up studies, it is possible that the more intensive follow-up observed in the Proofer group partially explains the differences in the risk of CIN2+ among triage-Proofer-negative and triage-HPV DNA-negative women. However, our subanalysis, restricted to women with negative triage-HPV who had follow-up cytology/HPV (for any reason, [figure 4](#BMJOPEN2013003460F4){ref-type="fig"}), also found a higher risk for CIN2+ in the Proofer group. In addition, we observed higher rates of CIN2+ in the Proofer group compared with the HPV DNA group among women with normal repeat cytology, regardless of intensity of biopsy collection after follow-up cytology/HPV. Thus, the differences in CIN2+ incidence rates among women testing negative for the different tests cannot be entirely explained by differential ascertainment. One can argue that CIN3+ as endpoint should be preferred for CIN2+ as higher CIN2+ rates may reflect mostly self-limiting lesions. We observed lower 3-year risk for CIN3+ compared with CIN2+ in HPV-negative ASC-US/LSIL for all HPV methods but the difference between the Amplicor and the Proofer remained, which would suggest inferior performance of the Proofer also with CIN3+.

A risk for CIN2+ below 2% has been proposed as a cut-off for safe return to regular screening programmes in a risk model for clinical decision-making, launched recently to standardise care for maximal patient safety.[@R30] Hence, our results suggest that only women with negative triage-Amplicor had a CIN3+ risk low enough to justify their return to the regular screening programme. It might be that HPV test performance can be improved if careful monitoring of separate labs actually performing an HPV test is implemented. In contrast, HPV-negativity among women with normal cytology after ASC-US, LSIL or unsatisfactory screening cytology predicted a very low CIN2+ risk in 3 years (\<1%). This is in line with prospective natural history studies, which showed a low risk of CIN3+ in hrHPV DNA-negative women,[@R23] [@R31] and several studies evaluating HPV testing in primary screening.[@R32] [@R33]

The importance of long-term follow-up of real-world implementation of new technologies when estimating the accuracy of a test in a cancer prevention programme has been pointed out repeatedly.[@R34] [@R35] Screening recommendations in a particular programme, and most importantly, how these recommendations are actually carried out, define the needed length for follow-up studies with CIN2+ as an endpoint. This is well illustrated by our data where the cumulative incidence curve for first biopsy and CIN2+ are similar in shape. Traditional indicators of test properties, such as sensitivity, specificity, negative and positive predictive value, cannot account for variations in the follow-up time of each individual. To overcome these methodological restrictions, we applied cumulative incidences to assess how risk for severe abnormalities varied over time, given set combinations of test results, and used it to estimate the proportion of HPV-positives at baseline for CIN2+ patients diagnosed during the course of follow-up as an approximation of (longitudinal) sensitivity. Considering all CIN2+ diagnosed during the 3-year follow-up, 97% were positive for hrHPV DNA when repeat cytology diagnosis was ASC-US/LSIL, and 95% were positive when repeat cytology was normal. This is in line with the reported sensitivity for CIN2+ of 93.1% for HC2 and 97.2% for Amplicor in ASC-US and LSIL triage.[@R25] [@R36] The probability that a patient diagnosed with CIN2+ had a positive triage-HPV test result was higher among cases diagnosed within 6 months than in 3 years, irrespective of HPV detection method. However, after 3 years, we observed an obvious drop in the proportion of CIN2+/CIN3+ patients positive for HPV at triage in the Proofer group, indicating that in the NCCSP, hrHPV DNA detection methods had a better prognostic value over time for CIN2+ than the method detecting only the mRNA of five hrHPV types. HPV16, 18, 31, 33 and 45 are reported to be present in 75.1% of CIN2/3 and 88.5% of squamous cell carcinomas.[@R19] [@R37] [@R38] This fits well with our estimated triage-Proofer detection rate for CIN2+ of 76%. Fewer women were referred to biopsy when the Proofer was used, compared with hrHPV DNA detection methods, reducing the risk of side effects of conisation. However, the residual risk of not detecting CIN2+ when using the Proofer was substantial.

In the current study, we provide risk estimates for CIN2+ to address the need for real-life evaluation of management strategies for patients with a given set of test results. The Proofer had lower estimated sensitivity for CIN2+ in triage compared with hrHPV DNA detection methods. When we used cancer as the end point, the estimates were highly imprecise due to low numbers of observations, but resembled the estimates seen with the CIN2+ and CIN3+ endpoints (data not shown).

Our findings have several important implications not only for the NCCSP, but also for other countries in Europe which follow similar guidelines and use same HPV detections methods, albeit the Proofer may mostly be used in Scandinavia.[@R39] [@R40] Evaluation of guidelines, which currently recommend that women with ASC-US, LSIL or unsatisfactory screening cytology undergo repeat cytology and HPV-testing in 6 months showed that Triage-HPV DNA had a high sensitivity for CIN2+ among women with ASC-US/LSIL repeat cytology. However, residual risk for CIN2+ in repeat ASC-US/LSIL and triage-HPV-negatives was over 2%. Return of these women to the normal screening programme is potentially unsafe, which underlines the need for improved and more specific guidelines in Norway in management of women with ASC-US or LSIL repeat cytology.Negative triage-HPV in combination with normal repeat cytology resulted in a low-residual risk of severe abnormalities before the next screening round. However, the triage-HPV positivity rate among CIN2+ and CIN3+ was higher when detecting hrHPV DNA than mRNA from five hrHPV types, suggesting the priority of methodology detecting all hrHPV.

Generally, follow-up time needed for studies evaluating screening programme performance is dependent on the programme\'s particular recommendations, and studies with a short follow-up time cannot provide sufficient information about screening programme performance. Comparative effectiveness research is essential to study the effect of HPV testing, its benefits and harms, in a real-world setting.[@R41] [@R42] As our study exemplifies, screening programmes should, when implementing new policies, be prepared to continuously evaluate performance using nationwide and comprehensive comparative effectiveness research, and to modify their policies accordingly to provide the best healthcare possible.
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